Abstract: Social network has become the main communication platform for public emergencies, and it has also made the public opinion influence spread more widely. How to effectively obtain public opinions from it to guide the healthy development of the society is an important issue that the government and other functional departments are concerned about. However, the interaction and evolution mechanism between the subject and the environment in the public opinion propagation is complicated, and the public and media attention and reaction to the incident are closely linked with the progress of the incident disposal. And public mining corpus has some shortcomings in the distribution of emotional classification. Only the timely update of artificial rules and emotional dictionary resources, it can handle new text data well. In fact, from the perspective of public opinion propagation, this paper built the network matrix between Internet users through the forwarding relationship, and used the social network analysis method and the emotion mining analysis technology to study the interaction and evolution mechanism between the subject and the environment in the public opinion propagation, and it studied the role of users in the emotional propagation of social networks. This paper proposed a sentiment analysis method on the micro-blog platform, which expanded the emotional dictionary and took sentence and emoticon and sentence patterns into account, which improved the accuracy of positive and negative classifications and emotional polarity analysis of the micro-blog.
Introduction
People gather on social networking sitesdue to the similar values and habits, and they become the realistic social digital projection. Based on modern information dissemination of digital social network, on the one hand, information dissemination speed and efficiency of social network have been greatly enhanced; on the other, information sharing based on social relations provides an effective filtering mechanism to spread a lot of information on the Internet. Thus, social networking sites become the most important platform for information sharing and dissemination [3] .
In recent years, scholars have carried out relevant research on the public opinion propagation mechanism. FeiXiong [16] studied the diffusion of micro-blog information based on forwarding mechanism and proposed the information diffusion model and verified the correctness of the model by micro-blog hot event. Lee [5] applied density-based online clustering method to mine text flow to assess the influence of public opinion events to achieve the goal of situational awareness and risk management; Zhao Haiqing [22] analyzed the nature of the complex network of public opinion propagation, the study found that: the key node in the core position has a high degree of activity and participation, which should be highly valued by network public opinion monitors and leaders; Su Xiaoping [9] put forward a local central measurement method, and the measurement results show that in the social network, the importance evaluation of nodes depends on both the centrality of the nodes in the community and "bridging" nature between the community.
At present, the researches on emotional analysis mainly focus on the emotion excavation and calculation of the information released by Internet users in the Internet [12] , [13] , [14] , as well as the analysis the related factors of emotion, such as the stock market volatility the political election results and movie box office, which are predicted by Internet emotions. Riloff [8] proposed to construct a emotion dictionary based on a large number of corpus statistical analysis in order to classify emotion; Wiebe [15] added part-of-speech analysis based on the emotion dictionary and completed the subjective and objective classification of corpus based on Bootstrapping algorithm; Xu Lin-hong [17] , based on primary school textbooks, screenplays, literary periodicals and fairy tales, annotated a large amount of Chinese corpus, and formed a "emotional vocabulary ontology library". Although it has been widely used in the field of emotion analysis of Chinese texts, its ontology has some shortcomings in the distribution of corpus and genre Only the timely update of artificial rules and emotional dictionary resources, it can handle new text data well.
So, this paper extended the emotion dictionary and considered the impact of sentence patterns on sentence sentiment in order to achieve more accurate results.
This paper attempted to focus on specific social hot spots and measured the network structure of the public opinion, mined the characteristics of the network structure, and researched the interaction and evolvement mechanism between the main body and the environment in the public opinion propagation. And it introduced the emotion analysis into the evolution of public opinion events, explored the reasons for the sharp fluctuations in emotion throughout the evolutionary life cycle of public opinion, and then provided the decision-making basis for the control of Internet public opinion and the dynamic grasp of public opinion.
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2 Research on the propagation mechanism of public opinion in social network
The emergence of social networks provides people with a new information media, but also greatly increases the possibility of the outbreak of public opinion. Public opinion propagation on social networks is influenced by many factors. This paper mainly studied the three aspects of the subject elements of public opinion propagation in social networks, propagation networks and emotional tendencies.
The subject elements of public opinion propagation in social network
Netizens group is the main body of public opinion in the Internet. They have also provided most of the impetus, and they are the main generating force and affected objects of network public opinion. Representative of netizens are mainly divided into the following four groups: grassroots, net-a-porter, network opinion leaders and web hyper.
Grassroots: The grassroots is the most active basic crowd of netizens in china. When grassroots gathered together due to a topic or event that causes a resonance or mood fluctuations, the group leaders assert, repeat, and infect constantly to act on the individual in the way of implication and cross-infected, and they will turn to a common direction, and will immediately turn this concept or belief into action tendencies, so that emotions are greatly vented.
Net-a-porter: Net-a-porter is the netizen who is engaged in forwarding and spreading network information. The existence of the net-a-porter makes network voices amplified infinitely, and the information gets fully widely spread and exchange [10] .
Network opinion leaders: The behaviors of network opinion leaders are very active and they have excellent ability of expression. For the majority of netizens, they have a strong influence and tractive effort, and the network has decided to focus on the focus and direction of opinion to a certain extent.
Web hyper: The web hyper is a network planner who popularizes enterprise products, customer brands, events and individuals with the help of the network medium. This purely commercial purpose makes the Internet more complex, and they render it through the secondary reports of the traditional media, so that more netizens who are unknown truth are generally involved, and the topic or the event is very easy to be hype, and even become the network killers that hit businesses and slander the individuals [23] .
Individual contact process of propagation
Because of the initiative and interaction of the individual participation, network propagation has special advantages in the aspects of information acquisition and propagation. Individuals in the interpersonal communication are not always passive acceptance of information, and it is not like the real life of the traction of the mass media "agenda setting", and they also play multiple roles, such as publishers and communicators. Because of the strong concern, in fact, some individuals have developed into similar network Medias that have the extraordinary influence. The gap between the network propagation media and the network space is very weak, and they together constitute the diverse individuals in the network space. The interactive propagation among diverse individuals has become the main way to spread the information of network public opinion. In fact, the macro level of diffusion process of network public opinion information is the diverse individuals contact process through the micro level. Specifically, in the emerging social media that represented by social network and micro-blog, emergency network public opinion information always released firstly by a few individuals in the network, and then they were 132 H. Wei-dong, W. Qian, C. Jie forwarded or shared by other individuals in order to communicate one relatively stable group of receiving information. Through a virtual social network, "infected group" scale of network public opinion has been expanded, and then they have the social power that cannot be ignored [1].
The design of analytic framework
To analyze the evolution of public opinion of the social network, it needs to analyze the characteristics of the whole network structure and the characteristics of the key nodes from the two levels. Considering the whole development evolutionary characteristics of public opinion events, we need the evolutionary analysis of time series that is aimed at network event scale, density, average degree, clustering coefficient and so on [2] , [4] , and we focused on the evolutionary process of public opinion of rapid growth stage and the mature stage and calculated the network structure and the network properties of the important nodes in order to explore the evolution rules of public opinion of the whole network. To understand the emotional state held by users in the process of event information, the user's emotions in the propagation network need to be judged. Based on the above research, this paper first crawled and texted the specific events studied, and divided the text into clauses. In the second step, to segment the text, we needed to create a dictionary of special-purpose emotion words that belongs to the event, based on the existing definition of thesaurus, and marked the sentiment classification of the emotion words, polarity value and its intensity. The third step, combined with the sentence, expression and emotional words of this paper gave the emotional tendency of the text and emotional polarity values.
Construction and analysis of public opinion propagation network in social network
The development of public opinion events is always carried out in the dimension of time. After the formation, proliferation, explosion and termination of public opinion, the social network of public opinion presents the communication of user emotion, attitude, intention and view in turn. On the basis of the research on the overall development of public opinion event of the "Shandong illegal vaccine", in this paper, the social network analysis method based on time series was used to segment the daily relational data in the process of public opinion social network and form the public opinion social network of daily data. Then we analyzed the overall network structure, the evolution of network characteristics and the evolution of key nodes in these different stages.
Data source collection and overall structure analysis
On March 18, 2016, an article entitled "Billions of yuan of vaccine without refrigeration flows into 18 provinces" caused widespread comments and forwarding from users. Micro-blog users expressed their opinions, including celebrities, media, government and other users. The Shandong illegal vaccine case caused public opinion to continue to pay attention. In this incident, what was the attitude of different types of users to events? What was the direction of public opinion? What role did the different users play? Based on this, a study was conducted on the "illegal vaccine". In this paper, the "illegal vaccine" as the keywords for micro-blog search, we collected data from March 18, 2016 to April 4, 2016, and used web crawler software for micro-blog data crawl, and obtained the data through the preparation of crawling rules, a total of 10 035 data collection.
Data were cleaned and pre-processed by Excel. Duplicate data, garbled data, incomplete data, and data without records were deleted. After cleaning, 8,222 data were obtained, and we
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Figure 1: The forwarding network visualization teased out the micro-blog's forwarding relationship through Sina micro-blog's forwarding rules: if A forwards B, the value of A <-> B is 1; if the two are not forwarded, the value is 0; and the main diagonal value of the matrix is defined as 1. We constructed the public opinion network matrix of "Illegal Vaccine in Shandong". Based on the constructed matrix, visualization software [20] was used to process the forwarding network of the event, and the visualization result was shown in Figure 1 .
Whole characteristics evolution analysis
To analyze the evolution of the overall characteristics of the selected cases, the index of public opinion network of daily data of the event needed to be analyzed, according to the trend and regularity of daily public opinion network, and the law of the overall network topological index with event changes was explored.
(1) The evolution of network density The network density is used to describe the close degree of node interaction. The greater the density of the whole network is, the more frequent the interaction between nodes is. The blue curve in fig.2 showed the close degree of interaction of each user daily posting and replies in the public opinion event, and the green curve indicated the change of delta value of each variable in two days. It can be found from the curve trend: from March 19 to the end of March, network density had remained flat changing trend. But in April, this topic again appeared fluctuations.
(2) The evolution of network average degree The blue curve in Figure 3 showed daily users' network average degree of the public opinion event, and the green curve indicated the change of delta value of each variable in two days. From the point of curve trend, the development trend of the network average degree was fluctuating. From March 19 to the end of March, the public opinion event was gradually come to an end from the outbreak of public opinion, the value of network average degree appeared larger fluctuation, especially in the period of hot topic.
The average degree of the whole network became larger and each node had more surrounding nodes for forwarding the interaction, and the communication was more extensive. Namely between March 22-24, the network average degree was higher, it indicated that during this period, 134 H. Wei-dong, W. Qian, C. Jie 
many users on the network were repeatedly posting and replying, it may be for a topic or a post and caused a lot of participants to discuss, we can judge, there may be potential opinion leaders.
(3) The evolution of network clustering coefficient If a node j in the network has nj neighbor nodes, then there may be a maximum of nj(nj − 1)/2 edges between the nj nodes. We define the ratio of actual number of edges E(j) between nodes nj and the possible number of edges nj(nj − 1)/2 as the clustering coefficient of nodes CC(j), that is:
The clustering coefficient CC of the whole network is the average of the clustering coefficients of all nodesj:
N Network clustering coefficient describes the degree of network collectivization [6] , that is, it is used to identify whether there is a central tendency in the network. Whole network clustering coefficient is bigger, the network of centralized trend is higher, and the users of public opinion tend to the interaction with small groups [7] . The blue curve in fig.4 showed the daily change of clustering coefficient of the network public opinion, and the green curve indicated the change of delta value of each variable in two days. From the point of curve trend, after the outbreak of public opinion from March 19, it was the first time to achieve the highest value of network clustering coefficient on March 20, and then it entered into a state of smooth fluctuation and maintained between [0.6, 1]. After March 27, the development of public opinion was into a smooth state, the number of people involved in public opinion and the interaction frequency dropped. In the small batch of node communication, the network clustering coefficient was the same as the network density, which will show a large fluctuation phenomenon.
Key nodes characteristics evolution analysis
In the research of the key nodes in the social public opinion network, scholars often used the static structure characteristics of social network, such as the degree centrality and the structural holes, to analyze the differences in grades and advantages between the key nodes and other nodes in the network. Therefore, based on the public opinion event of "Shandong illegal vaccine",combined with the life cycle theory, we analyzed the characteristics of key nodes in different stages, so as to study the characteristics evolution of network public opinion.
According to the event of "Shandong illegal vaccine", we focused on the characteristics of the key nodes in the rapid growth stage and the mature stage. Statistics showed that the number of people involved existed obvious periodic: after the outbreak of public opinion from March 19, it reached the climax of the public opinion firstly on March 22, and then the growth rate of public opinion had been reduced. It reached the biggest outbreak of the whole public opinion event on March 24, and then it began to subside slowly. Based on this, we set the stage of rapid growth from March 19th to March 22nd, the mature stage, from March 23rd to March 24th.
Degree centrality
It can be seen from the diagram of the propagation network, the propagation of public opinion presented divergent trend around the individual points, in the propagation network of public opinion, and it showed that there was a strong interaction space around some topics or some users. Through measuring degree centrality of this nodes, it can be seen that "The concept of tide", "Friendly 88", "Swineherd is officer","bing-lv" and other users' centrality degrees are bigger, and their participation was relatively high, and it showed some characteristics of opinion leaders. In the two stages of the topic development, different nodes played an important role in the network. In other words, the node was only active before a certain stage, which was not coherent. Therefore, the evolution of a single node cannot be analyzed. Therefore, this section focused on the study of the network structure changes in different stages and the performance of nodes in this stage.
Structural holes
Structural hole refers to a non-repeating relationship between two nodes, which is equivalent to a buffer in a network.The value of the contribution to the network of the two related people who exist structural holes between nodes can be accumulated. By using UCINET software, we analyzed structural holes in public opinion propagation network of "Shandong illegal vaccine".
It can be seen from the table 1, the public opinion propagation network of "Shandong illegal vaccine" existeda large number of structural holes. We sorted out the effective scale, and "Golden Orchard fruit", "qfy180" and "black feeling" ranked the top three. The value of effective scale reflected the position of nodes in the propagation network, and the bigger the value is, the more core the position becomes. The global constrain of these three nodes was relatively small, they were less than 0.2, and it also reflected that the three nodes were not easy to be controlled by other nodes and easier to access and spread public opinion. As can be seen from the results of the structural hole in the mature stage, there were still a large number of structural holes in the network of public opinion of "Shandong illegal vaccine". We sorted out the effective scale, and "Happy stock886644", "The Lord of Peach Blossom Island-6" and "Dawn is now tomorrow" ranked the top three. By comparing with the rapid growth stage, it reflected the similar characteristics of the network in different stages of the topic. The analysis showed that in the evolution of network density and network clustering coefficient, the events of rapid growth and maturity showed a relatively steady state, and the trend of its delta curve was basically the same as the original curve. By comparing the network attributes of rapid growth stage and mature stage, the density of networks in mature stage was larger, which indicated that in the mature stage, the overall participation and interaction of network users were more frequent, the propagation distance was shorter and the communication ability was the strongest. In the two stages of topic development, different nodes played an important role in the network. Nodes were more active before a certain stage. Such activities are not coherent. Therefore, it was harder to dismiss the opinion leaders as the whole process of the incident, it needed to identify potential opinion leaders at a finer level of granularity and conducted early warning of incident developments and public opinion regulation.
The incident text emotional calculation
As the most popular social network platform, micro-blog users express their opinions and feelings through words and expressions. These messages obviously include emotional information. These sections will statistics emotions and intensity in the whole text from three aspects: emoticons, emotion words and sentence patterns. We analyzed the data of "Shandong illegal vaccine" from March 18, 2016 to March 28, 2016.
Emotional dictionary construction
However, due to the colloquy of micro-blog, a large number of emoticons and related terms for specific events, we constructed an event-specific emotion dictionary. On the basis of comprehensive comparison of existing emotion dictionary, this paper referred to Dalian polytechnic Chinese emotional vocabulary ontology database, which divides the words into two categories: positive emotion ("happy", "good") and negative emotion ("angry", "sad", "evil", "fear", "shock"). Use the word segmentation software to segment the collected text, according to the word frequency from high to low, and then we manually added words that did not come from Dalian Polytechnic dictionary, but also gave emotional classification and emotional strength to these words. The words included not only adjectives, nouns, but also modal word. Part of the expansion of the emotional dictionary is shown. In order to reduce the influence ofthe collocation of positive emotion words or negative emo-tion words and negative words, in general, the emotional tendency of positive emotion and negative word tends to be negative emotion, and the emotional tendency of negative emotion and negative word tends to be weak emotion or not Emotions [11] . Therefore, we first determined whether there are negative words adjacent to or similar to the emotional words, in this paper, negative emotions that are negative words modified by negative words, positive emotion words modified by negative words are regarded as negative emotions, negative emotion words modified by negative words are considered as neutral emotions. The negative words include "no", "not", "none", "never", and so on. Emoticons are also commonly used to express emotions in micro-blog. This paper still classified emoticons appearing in texts based on the seven emotions categories in Dalian Polysemous Emotional Dictionary, and the corresponding relationship between emotion classification and expressions is shown in the Table 4 . 
Micro-blog emotional polarity calculation
The polarity value of each microblog is determined by the emotion word, the sentence pattern and the emoticons in the microblog text. Specific model algorithm steps are as follows:
(1) For each word in the established emotional dictionary, calculate its TF-IDF value with all the text as the total corpus, and mark it as then the emotional polarity of the ith word in this event is:P W i = F i * P W i;
(2) The emotional polarity value of each sentence is determined by the emotion words, emoticons and sentence pattern The process of calculating the emotional polarity of a sentence is to calculate the sum of the emotional polarity values of all the emotional words and emoticons in the sentence firstly, and then adding the sentence rules to determine the polarity of the entire sentence. Let P (Si) be the emotional polarity of the sentence before considering the sentence pattern, that is: P (Si) = SE + P (W ), where SE is the sum of the emotional intensities of all the emoticons in the sentence, and P (W ) is the sum of all the emotion words in the sentence.
(3) Let P (Si) be the sentence emotion value after considering the sentence pattern characteristics, and Table 5 is the sentence emotional polarity weighted rule of six sentence patterns. 
Statistical results
Emotional calculation was carried out on the collected micro-blog texts of this event, and the emotion word, the sentence pattern and the emoticons were taken into account in the calculation. Emotional values of the event micro-blog texts were calculated through a calculation rule of a single micro-blog text. Statistics on the intensity of micro-blog texts for a single micro-blog text as a Unit were conducted. As can be seen from Table 6 , negative micro-blog texts occupied most of share, about 0.3% of the texts did not have emotional values, and 85% of the texts were negative texts. Negative texts were very unfavorable to the development of the event and the subject of the event, so it was especially important to pay attention to the negative micro-blog in the event. This paper drew the negative polarity intensity figure according to the time ( Figure 5 ). Combined with the release of time-critical information of vaccine events, the dynamic process of emotion trend can be initially determined. The highest value of first-pass negative emotional polarity was reported on March 18 after the outbreak of illegal vaccine, culminating on the 19 th . The second round of the highest negative emotions appeared at 23rd-24th, which was due to the spread of emotions caused by the widespread spread of "The sorrow of vaccine". The public had a strong emotional response as the incident had many risk characteristics such as affecting children and influencing the population. State Food and Drug Administration, the State Council, the National Health and Family Planning Commission quickly intervened, and issued and responded several times, and communicated with the public. From the abovementioned incident, the public opinion and emotion tendency of internet public opinion showed that the public and the media paid close attention to the incident and responded to the progress of the incident handling. The key nodes of incident handling coincided with the peaks of the network public opinion. It was suggested that government departments plaid an important role in the handling of incidents and the release of key information. Timely release of authoritative and transparent objective information was conducive to dredge network public opinion, and it can reduce the negative influence brought by internet public opinion. In this incident, the government sector will definitely not make a clear statement of its impatience and will effectively cut the responsibility so that public emotions will be released and it will be easy to establish and restore trust.
Conclusion
Based on the theory of network public opinion evolution, this paper took the example analysis of microblog public opinion events, and used the ways of the data crawler, segmentation technology, the construction of emotional dictionary and annotation patterns to get the emotional tendency and emotional polarity of events Then, we explored the causes of the peaks and emotional evolutions that had occurred throughout the evolutionary life cycle of public opinion. The analysis of vaccine events showed that risk perception of the public and society in the media environment tended to deviate easily, and it was difficult to form a self-correcting mechanism. To standardize the processing of media information and to monitor and guide public sentiment is the key to risk communication in crisis And it is a need to speed up the formulation and construction of a system of rules governing the expression of public opinion. The investigation of government and relevant departments' intervened investigation and its result has played an important role in the development of public opinion. The timely announcement of the government and the factual release of the truth in real time were conducive to resolving the contradictions and quelling the public opinion. In the information era, the government and relevant departments should not expect to reduce the spread by covering up with negative news And openly and fairly dealing with them according to law, which is the basic requirement of a society ruled by law.
Although this paper is a single case study of recent typical risk events, the illegal vaccine event is a microcosm of the outbreak of public opinion in recent years. Lack of rigorous media information and the extensive emotional evolution in the network have a direct impact on risk perception. The changes of network structure and emotional polarity exhibited during the amplification of the risk of illegal vaccines have empirical value in coping with other similar social focus events.
